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Qryhpehu 5333
D Qhz Dssolfdwlrq ri Wd|oru Uxohv= Prgho Hydoxdwlrq
Devwudfw
Wd|oru uxohv srvlw d olqhdu uhodwlrqvkls ehwzhhq wkh rxwsxw jds/ lq dwlrq/ dqg vkruw0whup qrplqdo
lqwhuhvw udwhv1 Suhylrxv zrun kdv vkrzq wkdw wkh uhodwlrqvkls ehwzhhq wkhvh nh| hfrqrplf yduldeohv
dv fdswxuhg e| wkh Wd|oru uxoh lv txlwh urexvw erwk dfurvv frxqwulhv dqg prqhwdu| srolf| uhjlphv1
Frqvhtxhqwo|/ wkh Wd|oru uxoh kdv ehfrph d xvhixo fkdudfwhul}dwlrq ri prqhwdu| srolf| zlwk pxfk
uhfhqw zrun irfxvvhg rq wkh rswlpdo irupxodwlrq ri wkh Wd|oru uxoh dqg wkh surshuwlhv ri htxloleulxp1
Zkloh wklv uhvhdufk kdv surylghg lqvljkwv lqwr wkh frqgxfw ri prqhwdu| srolf|/ rxu lqwhuhvw lq wkh
Wd|oru uxoh lv iurp d txlwh glhuhqw shuvshfwlyh= zh dvn zkhwkhu d fdoleudwhg prqhwdu| prgho fdq
surgxfh Wd|oru uxoh ehkdylru vlplodu wr wkdw vhhq lq wkh gdwd1 Wkdw lv/ vlqfh wkh Wd|oru uxoh lv d
xvhixo vxppdu| ri wkh fkdudfwhulvwlfv ri d prqhwdu| hfrqrp|/ lw vhhpv uhdvrqdeoh wr dvn zkhwkhu d
prqhwdu| prgho/ zkhq fdoleudwhg wr wkh gdwd/ surgxfhv d vlplodu uhodwlrqvkls1 Iru rxu dqdo|vlv/ zh
hpsor| d yhuvlrq ri wkh olplwhg sduwlflsdwlrq prgho ri Fkulvwldqr/ Hlfkhqedxp/ dqg Hydqv +4<<:,
wkdw shuplwv erwk whfkqrorj| dqg prqh| vkrfnv1 Zh qg wkdw wklv prgho/ zkhq wkh vkrfn surfhvv lv
fdoleudwhg wr XV gdwd/ lv deoh wr uhsolfdwh txdolwdwlyho| wkh fruuhodwlrq ri lqwhuhvw udwhv zlwk lq dwlrq
lpsolhg e| wkh Wd|oru uxoh exw idlov gudpdwlfdoo| wr pdwfk wkdw ehwzhhq qrplqdo lqwhuhvw udwhv dqg
rxwsxw1
MHO Frghv= H73/ H85/ H8;/ H63
Nh|zrugv= Wd|oru uxoh/ olplwhg sduwlflsdwlrq/ fdoleudwlrq
Nhylq Vdo|hu
Ghsduwphqw ri Hfrqrplfv
Xqlyhuvlw| ri Fdoliruqld 0 Gdylv
Gdylv/ FD <8949
Skrqh= +863, :85 ;68<




Xqlyhuvlw| ri Fdoliruqld 0 Gdylv
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Skrqh= +863, :85 6367
Id{= +863, :87 ;3:6
H0pdlo= ndydqCxfgdylv1hgx4 Lqwurgxfwlrq
Lq d vhplqdo sdshu/ Mrkq Wd|oru +4<<6, sursrvhg d vlpsoh uxoh wkdw frxog eh xvhg iru erwk
srvlwlyh dqg qrupdwlyh dqdo|vlv ri prqhwdu| srolf|1 Wklv uxoh/ qrz uhihuuhg wr lq wkh olwhudwxuh
dv wkh Wd|oru uxoh/ vwdwhv wkdw pryhphqwv lq wkh vkruw whup qrplqdo lqwhuhvw udwh duh
uhodwhg wr frqwhpsrudqhrxv pryhphqwv lq lq dwlrq dqg rxwsxw1 Lq d uhjlph ri dfwlylvw
vwdelol}dwlrq prqhwdu| srolf|/ wkh pryhphqwv lq wkh vkruw whup lqwhuhvw udwh/ suhvxphg wr
eh wkh lqvwuxphqw ri prqhwdu| srolf|/ uh hfw dgmxvwphqwv ri wkh uhdo udwh ghhphg qhfhvvdu|
wr frqwuro djjuhjdwh ghpdqg zkhq lq dwlrq ghyldwhv iurp lwv wdujhw ydoxh dqg2ru rxwsxw
ghsduwv iurp lwv ixoo hpsor|phqw ohyho1 Krzhyhu/ Wd|oru +4<<<, kdv uhfhqwo| vkrzq wkdw wkh
txdolwdwlyh uhodwlrqvkls ehwzhhq lqwhuhvw udwhv/ lq dwlrq/ dqg rxwsxw lpsolhg e| wkh Wd|oru
uxoh lv dovr revhuyhg lq prqhwdu| uhjlphv wkdw gr qrw lpso| dfwlylvw vwdelol}dwlrq srolf|>
h1j1 d jrog vwdqgdug ru frqvwdqw prqh| jurzwk udwh uxoh1 Khqfh/ zkloh wkh sdudphwhuv lq
wkh Wd|oru uxoh zloo eh ghwhuplqhg e| wkh vshflf prqhwdu| uhjlph/ wkh jhqhudo txdolwdwlyh
uhodwlrqvkls ehwzhhq wkhvh wkuhh nh| hfrqrplf yduldeohv dsshduv wr eh txlwh urexvw1
Wkh ryhuzkhoplqj pdmrulw| ri olwhudwxuh vsdzqhg e| Wd|oru*v ruljlqdo dqdo|vlv kdv irfxvhg
rq wkh lpsolfdwlrqv iru dfwlylvw prqhwdu| srolf|1 Wklv olwhudwxuh fdq eh glylghg lqwr wzr
eurdg jurxsv= klvwrulfdo dqg furvv0frxqwu| dqdo|vlv ri wkh frqgxfw ri prqhwdu| srolf| dqg
wkh wkhruhwlfdo lpsolfdwlrqv ri Wd|oru uxohv1 H{dpsohv ri wkh iruphu duh= Fodulgd/ Jdoð/ dqg
Jhuwohu*v +5333, uhfhqw vwxg| ri prqhwdu| srolf|/ wkh furvv0frxqwu| dqdo|vlv ri prqhwdu|
srolf| uxohv e| Fodulgd/ Jdoð/ dqg Jhuwohu +4<<;,/ dqg Uxghexvfk dqg Vyhqvvrq*v +4<<<,
vwuxfwxudo dqdo|vlv ri rswlpdo Wd|oru uxohv1 H{dpsohv ri wkh odwwhu wkhruhwlfdo dqdo|vlv duh
Ehqkdele/ Vfkplww0Jurkh/ dqg Xuleh +4<<<, dqg Fkulvwldqr dqg Jxvw +4<<<,> wkhvh sdshuv
4kdyh looxvwudwhg wkdw sduwlfxodu sdudphwhul}dwlrqv ri Wd|oru uxohv lq frpelqdwlrq zlwk vshflf
wkhruhwlfdo vhwwlqjv fdq uhvxow lq xqvwdeoh dqg2ru lqghwhuplqdf| ri htxloleulxp1
Wkh dqdo|vlv suhvhqwhg khuh sursrvhv d txlwh glhuhqw uroh iru Wd|oru uxohv> vshflfdoo|/
zh hpsor| wkh Wd|oru uxoh dv d gldjqrvwlf iru hydoxdwlqj wkh htxloleulxp ehkdylru ri d fdol0
eudwhg prqhwdu| prgho1 Wkdw lv/ jlyhq wkh hpslulfdo urexvwqhvv ri wkh uhodwlrqvkls ehwzhhq
lq dwlrq/ lqwhuhvw udwhv/ dqg rxwsxw lpsolhg e| wkh Wd|oru uxoh/ lw zrxog vhhp ghvludeoh iru d
prqhwdu| prgho wr uhsolfdwh wklv ehkdylru zkhq fdoleudwhg wr wkh gdwd1 Hydoxdwlqj fdoleudwhg
prghov lv gl!fxow dqg wkh w|slfdo dqdo|vlv lqyroyhv wkh xvh ri lpsxovh uhvsrqvh ixqfwlrqv +h1j1
Fkulvwldqr/ Hlfkhqedxp dqg Hydqv +4<<:,,/ ru d frpsdulvrq ri d olplwhg vhw ri vhfrqg pr0
phqwv +Frroh| dqg Kdqvhq +4<<:,,1 Wkh hylghqfh iurp lpsxovh uhvsrqvh ixqfwlrqv uholhv
rq riwhq gxelrxv lghqwlfdwlrq lvvxhv +vhh Xkolj +4<<<,, iru d ghprqvwudwlrq, zkloh wkh xvh
ri d vpdoo vhw ri prphqwv wr dvvhvv wkh prgho udlvhv wkh txhvwlrq derxw prgho ydolglw| lq
rwkhu/ shukdsv htxdoo| lpsruwdqw glphqvlrqv +d srlqw pdgh irufhixoo| e| Frjoh| dqg Qd0
vrq*v +4<<8, dqdo|vlv ri wkh g|qdplf lpsolfdwlrqv ri uhdo exvlqhvv f|foh prghov,1 Zkloh rxu
dqdo|vlv dovr xvhv d uhodwlyho| vpdoo vhw ri prphqwv wr dvvhvv wkh shuirupdqfh ri wkh prgho/
wkh vhw ri prphqwv +l1h1 wkh fruuhodwlrqv lpsolhg e| wkh Wd|oru uxoh, duh fkrvhq ehfdxvh ri
wkhlu hpslulfdo urexvwqhvv dqg srolf| lqwhusuhwdwlrq1
Wkh wkhruhwlfdo prgho zh dqdo|}h lv d yduldwlrq ri d olplwhg sduwlflsdwlrq prgho vwxglhg
lq Fkulvwldqr/ Hlfkhqedxp/ dqg Hydqv +4<<:,1 Wklv prgho zdv fkrvhq iru wzr uhdvrqv=
+4, qrplqdo lqwhuhvw udwhv duh dhfwhg e| erwk Ilvkhuldq dqg oltxlglw| idfwruv dqg +5, wkh
dv|pphwulf lpsdfw ri prqhwdu| srolf| +l1h1 rshq pdunhw rshudwlrqv, rq krxvhkrogv ylv0d0ylv
qdqfldo lqwhuphgldulhv lv fdswxuhg/ doehlw fuxgho|1 Pruhryhu/ wkh dxwkruv* frqfoxghg wkdw
5wklv prgho/ lq frpsdulvrq wr d vwlfn|0sulfh prgho/ pruh dffxudwho| uhsolfdwhg nh| ihdwxuhv
r iw k hX 1 V 1h f r q r p | 1K h q f h /w k l vp r g h oz r x o gv h h pw re hdj r r gf d q g l g d w hi r uh y d o x d w l r q
iurp wkh shuvshfwlyh ri wkh Wd|oru uxoh1 Rxu dqdo|vlv frqvlvwv ri wkh iroorzlqj= xvlqj wkh
vdpsoh shulrg 4<8<=604<<;=7/ zh hvwlpdwh wkh sdudphwhuv ri d vlpsoh Wd|oru uxoh1 Wkhq wkh
sdudphwhuv ri d olplwhg sduwlflsdwlrq prgho wkdw lqfrusrudwhv erwk prqh| dqg whfkqrorj|
vkrfnv duh fdoleudwhg xvlqj gdwd iurp wkh vdpsoh shulrg dqg wkh htxloleulxp lv frpsxwhg1
Ilqdoo|/ wkh sdudphwhuv ri wkh Wd|oru uxoh lpsolhg e| wkh duwlfldo hfrqrp| duh frpsxwhg
dqg frpsduhg wr wkrvh hvwlpdwhg iurp wkh gdwd1
Wkh uhvxowv iurp wklv h{huflvh duh lqvwuxfwlyh= wkh prgho lv deoh wr gxsolfdwh txdolwdwlyho|
wkh uhodwlrqvkls ehwzhhq lq dwlrq dqg qrplqdo lqwhuhvw lpsolhg e| wkh Wd|oru uxoh exw idlov
gudpdwlfdoo| wr uhsolfdwh wkh fruuhodwlrq ehwzhhq qrplqdo lqwhuhvw udwhv dqg rxwsxw1 Wkh idlo0
xuh lv gxh wr wkh idfw wkdw prqhwdu| glvwxuedqfhv surgxfh d qhjdwlyh uhodwlrqvkls ehwzhhq
lqwhuhvw udwhv dqg rxwsxw zlwklq wkh prgho zkloh wkh Wd|oru uxoh vwdwhv wkdw wklv uhodwlrq0
vkls vkrxog eh srvlwlyh1 Zkloh whfkqrorj| vkrfnv frxog lq sulqflsoh surgxfh wklv srvlwlyh
fruuhodwlrq lq wkh prgho/ zh gr qrw qg wklv ehkdylru lq wkh fdoleudwhg yhuvlrq1 Khqfh/ zh
frqfoxgh wkdw d olplwhg sduwlflsdwlrq prgho wkdw grhv qrw surgxfh d srvlwlyh uhodwlrqvkls
ehwzhhq whfkqrorj| vkrfnv dqg lqwhuhvw udwhv lv plvvlqj d nh| ihdwxuh ri wkh X1V1 hfrqrp|1
5 Olplwhg Sduwlflsdwlrq Prgho zlwk Whfkqrorj| Vkrfnv
Iru rxu dqdo|vlv/ zh hpsor| d yduldqw ri wkh olplwhg sduwlflsdwlrq prqhwdu| prgho ghvfulehg
lq Fkulvwldqr/ Hlfkhqedxp/ dqg Hydqv +4<<:,1 Zh vlpsoli| wkh dqdo|vlv e| dvvxplqj wkdw
rxwsxw lv surgxfhg lq d vlqjoh vhfwru fkdudfwhul}hg e| lghqwlfdo/ shuihfwo| frpshwlwlyh upv
6xvlqj vwdqgdug whfkqrorj|1 Wkdw lv/ wkh surgxfwlrq ixqfwlrq xvhv lqsxwv ri fdslwdo dqg oderu
dqg h{klelwv frqvwdqw uhwxuqv wr vfdoh> zh ghsduw/ krzhyhu/ iurp wkh suhylrxv dxwkruv* prgho
e| dvvxplqj wkdw surgxfwlrq lv vxemhfw wr vwrfkdvwlf vkrfnv14 Wkhuh duh irxu hfrqrplf djhqwv=
krxvhkrogv/ upv/ qdqfldo lqwhuphgldulhv/ dqg wkh jryhuqphqw1 Wkhvh lqwhudfw lq idfwru/
jrrgv/ dqg ohqglqj pdunhwv1 Fkdudwhulvwlf ri wkhvh prghov/ wkhuh duh irxu fulwlfdo uljlglwlhv=
+l, Krxvhkrog*v idfh d fdvk0lq0dgydqfh frqvwudlqw rq frqvxpswlrq sxufkdvhv1 +ll, Krxvhkrog*v
pdnh sruwirolr ghflvlrqv ehiruh wkh| nqrz wkh vwdwh ri wkh zruog +l1h1 wkh uhdol}dwlrqv ri
wkh prqhwdu| jurzwk udwh dqg wkh whfkqrorj| vkrfn, zklfk fdq qrw eh uhylvhg1 +lll, Wkh
prqhwdu| lqmhfwlrq +ru wd{ li wkh jurzwk udwh lv qhjdwlyh, lv glvwulexwhg gluhfwo| dqg vroho|
wr wkh qdqfldo lqwhuphgldulhv1 +ly, Ilupv pxvw qdqfh wkhlu fxuuhqw zdjh eloo wkurxjk ordqv
iurp wkh edqnlqj vhfwru1 Wkhvh wlplqj dvvxpswlrqv dqg wkh  rz ri ixqgv lq wkh ydulrxv
pdunhwv duh ghslfwhg lq Iljxuhv 4 dqg 51 Wkh fkrlfhv ri hdfk djhqw duh ghvfulehg lq pruh
ghwdlo ehorz1
4 Wkh FHH +4<<:, prgho lqfoxghv dq lqwhuphgldwh jrrgv vhfwru/ frpsulvhg ri prqrsrolvwlf frpshwlwruv
dqg d qdo jrrgv vhfwru1 Wkh prwlydwlrq iru wkhlu vhw0xs lv wr doorz iru frpsdulvrq ehwzhhq vwlfn|0sulfh dqg
olplwhg0sduwlflsdwlrq prghov1
7  Timing of Markets in the Limited Participation Model 
Households send It cash 
deposits to the financial 
intermediary 
Firms borrow WtNt from the 
financial intermediary at gross 
interest rate Rt  
Firms repay RtWtNt to the 
financial intermediary and 
households receive interest on 
their deposits at rate Rt 
t 1 + t
Money growth rate xt and 
technology shock zt are realized 
Production occurs and 
the goods market closes 
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8514 Krxvhkrogv
Lq hyhu| shulrg/ lghqwlfdo djhqwv fkrrvh wkhlu wlph w frqvxpswlrq/ F|> dqg oderu krxuv/ Q|>
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zkhuh  5 +3>4,= Wkh xwlolw| ixqfwlrq kdv wkh iroorzlqj irup=











Lq dgglwlrq wr oderu/ krxvhkrogv vhoo wkhlu fdslwdo wr wkh upv1 Vlqfh rxu lqwhuhvw lv lq
wkh exvlqhvv f|foh ehkdylru ri wkh prgho/ rxu dqdo|vlv irfxvhv rq wkh oderu pdunhw1 Khqfh/
zh dvvxph doo krxvhkrogv rzq rqh xqlw ri fdslwdo/ zklfk lv vxssolhg lqhodvwlfdoo| wr upv dw
wkh qrplqdo uhqwdo udwh u|1 Pruhryhu/ wkh ghsuhfldwlrq udwh lv }hur zkloh rxwsxw lv shulvkdeoh
dqg khqfh rqo| xvhg iru frqvxpswlrq1 Wklv lpsolhv N| @4 >;w=
Krxvhkrogv hqwhu hdfk shulrg zlwk fdvk kroglqjv P| dqg pxvw pdnh wkhlu sruwirolr ghfl0
vlrq ehiruh wkh fxuuhqw uhdol}dwlrqv ri wkh prqhwdu| dqg whfkqrorj| vkrfnv duh nqrzq1 Wklv
ghflvlrq frqvlvwv ri doorfdwlqj P| ehwzhhq qrplqdo edodqfhv wr eh xvhg iru frqvxpswlrq dqg
ghsrvlwv/ ghqrwhg L|/ wr wkh edqnlqj vhfwru1 Wkh jurvv qrplqdo uhwxuq rq ghsrvlwv/ ghqrwhg
U|/ lv ghwhuplqhg diwhu wkh vwdwh ri wkh zruog lv nqrzq dqg uhfhlyhg diwhu wkh jrrgv pdunhw
forvhv1 Rqfh wkh vwdwh lv nqrzq/ djhqwv pdnh frqvxpswlrq dqg oderu ghflvlrqv1 Fxuuhqw qrp0
lqdo oderu lqfrph/ Z|Q|/ lv sdlg lq dgydqfh ri surgxfwlrq dqg/ khqfh/ dxjphqwv wkh qrplqdo
edodqfhv doorfdwhg iru frqvxpswlrq1 Wklv lpsolhv wkh iroorzlqj fdvk0lq0dgydqfh frqvwudlqw
9rq frqvxpswlrq sxufkdvhv=
S|F|  Z|Q| . P|  L| +6,
Dw wkh hqg ri wkh shulrg/ djhqwv uhfhlyh wkh lqfrph iurp fdslwdo/ wkh uhwxuq iurp ghsrvlwv/
dqg wkh surwv iurp wkh qdqfldo lqwhuphgldu| +wkhvh frqvlvw ri wkh lqfrph jhqhudwhg e|
ohqglqj wkh prqhwdu| lqmhfwlrq,1 Krxvhkrog prqh| kroglqjv duh ghvfulehg e| wkh iroorzlqj
odz ri prwlrq=
P|n @ Z|Q| . P|  L|  S|F| . u|N| . U| +L| . [|, +7,
zkhuh [| uhsuhvhqwv wkh oxps0vxp fdvk lqmhfwlrq lvvxhg e| wkh fhqwudo edqn dw wlph w1
Jlyhq wkhvh frqvwudlqwv/ rswlpdo fkrlfhv ri oderu/ frqvxpswlrq/ dqg ghsrvlwv pxvw vdwlvi|



















Htxdwlrq +8, h{suhvvhv wkh vwdqgdug uhvxow wkdw djhqwv* pdujlqdo udwh ri vxevwlwxwlrq
ehwzhhq frqvxpswlrq dqg oderu lv htxdo wr wkh uhdo zdjh dqg ghqhv dq xszdug vorslqj
oderu0vxsso| fxuyh zlwk oderu vxsso| hodvwlflw| ri 4@#1 Wkh odjjhg h{shfwdwlrq rshudwru lq
wkh qhfhvvdu| frqglwlrq dvvrfldwhg zlwk ixqgv ghsrvlwhg lq wkh edqnlqj vhfwru/ htxdwlrq +9,>
h{suhvvhv wkh idfw wkdw wklv ghflvlrq lv pdgh dw wlph w ehiruh wkh fxuuhqw vwdwh ri wkh zruog
lv nqrzq/ l1h1 zlwk wkh lqirupdwlrq nqrzq lq shulrg w  41
:515 Ilupv
Ilupv fkrrvh oderu dqg fdslwdo hyhu| shulrg lq rughu wr pd{lpl}h surwv> wkh surgxfwlrq




zkhuh  5 +3>4,= Wkh whfkqrorj| vkrfn iroorzv d vwdwlrqdu| uvw0rughu Pdunry surfhvv zlwk
xqfrqglwlrqdo phdq 5 @4 >wklv surfhvv zloo eh ghvfulehg lq pruh ghwdlo ehorz1 Vlqfh wkh
upv pxvw sd| zrunhuv lq dgydqfh ri surgxfwlrq/ wkh| eruurz wkhlu zdjh eloo/ Z|Q|> iurp
d qdqfldo lqwhuphgldu|1 Wkhvh upv uhsd| wkh zdjh eloo/ dw jurvv lqwhuhvw udwh U|> diwhu
uhyhqxh iurp surgxfwlrq lv uhfhlyhg +dw wkh hqg ri wkh shulrg1, Ilupv dovr sd| wkh frvwv ri
fdslwdo wr krxvhkrogv dw wkh hqg ri wkh shulrg1
Wkh surw pd{lpl}lqj fkrlfhv ri N| dqg Q| duh fkdudfwhul}hg e| wkh frqglwlrq wkdw idfwruv
duh sdlg wkhlu pdujlqdo surgxfwv1 Frqvhtxhqwo|/ wkh oderu ghpdqg fxuyh lq wkh hfrqrp| lv









Wkh oderu vxsso| dqg oderu ghpdqg fxuyhv/ l1h1 htxdwlrqv +8, dqg +;, uhvshfwlyho|/ fdq








Wkh qdqfldo lqwhuphgldu| lq wklv hfrqrp| surylghv ordqv wr wkh upv xvlqj wkh ghsrvlwv
iurp krxvhkrogv dqg qhz prqh| glvwulexwhg e| wkh fhqwudo edqn1 Edqnv lqfxu qr frvwv
lpso|lqj wkdw ordqv duh lqhodvwlfdoo| vxssolhg wr upv> wkh lqwhuhvw udwh dgmxvwv vr wkdw wkh
iroorzlqj pdunhw fohdulqj frqglwlrq krogv lq htxloleulxp=
Z|Q| @ L| . [| +43,
Wkh ghpdqg iru ixqgv ghulyhv iurp upv* zdjh eloov/ Z|Q|> zklfk wkh| eruurz ehiruh
surgxfwlrq rffxuv1 Wkh ghpdqg iru ixqgv/ I(> fdq eh h{suhvvhg e| xvlqj htxdwlrq+;, dqg












Htxdwlrq +44, h{suhvvhv d vwdwlf grzqzdug0vorslqj ghpdqg iru ixqgv lq U  I vsdfh1 Xsrq
sd|phqw ri wkh ordq/ wkh qdqfldo lqwhuphgldu| uhwxuqv U|L| +lq uhwxuq iru ghsrvlwv, dqg
U|[| +dv surwv, wr krxvhkrogv/ dv ghvfulehg lq htxdwlrq +7,1
Wkh fdvk0lq0dgydqfh frqvwudlqw/ htxdwlrq +6,> lv dvvxphg wr eh elqglqj lq doo shulrgv1
Frpelqlqj wklv frqglwlrq zlwk wkh htxloleulxp frqglwlrq iurp wkh ordq pdunhw htxdwlrq +43,
shuplwv pdunhw fohdulqj lq wkh jrrgv pdunw wr eh h{suhvvhg dv=
S|F| @ P| . [| +45,





Frqvhtxhqwo|/ htxloleulxp yhorflw| lv dozd|v xqlw| zkhq ghqhg lq whupv ri wkh hqg0ri0







Wklv h{suhvvlrq uhsuhvhqwv wkh udwlr ri ixqgv sdvvlqj wkurxjk wkh ordq wr jrrgv pdunhwv1
Qrwh wkdw wklv udwlr lv prqrwrqlfdoo| lqfuhdvlqj lq wkh prqhwdu| wudqvihu/ [|1 Wkh lpsolfd0
wlrq iru qrplqdo lqwhuhvw udwhv fdq eh vhhq e| xvlqj htxdwlrq +;, dqg wkh uhvrxufh frqvwudlqw/
F| @ }|Q3k







Fohduo|/ lqfuhdvhg oltxlglw| lq wkh ordq pdunhw +l1h1 dq lqfuhdvh lq [|, zloo fdxvh lqwhuhvw
udwhv wr idoo15
517 Fhqwudo Edqn
Wkh vroh sxusrvh ri wkh fhqwudo edqn lv wr surylgh prqh| wr wkh qdqfldo vhfwru1 Wkh jurzwk








Wkh prqh| jurzwk udwh/ {|> olnh wkh whfkqrorj| vkrfn iroorzv d vwdwlrqdu| Pdunry surfhvv>
wklv lv ghvfulehg lq wkh qh{w vhfwlrq1
5 Qrwh wkdw/ lq htxdwlrq EDc erwk U| dqg | duh suhghwhuplqhg zkhq wkh fxuuhqw ydoxh ri f| lv uhdol}hg1
436 Fdoleudwlrq
Lq rughu wr vroyh wkh prgho/ sdudphwhu ydoxhv iru suhihuhqfhv +>#>#f, dqg whfkqrorj| +,
duh qhhghg> lq dgglwlrq/ wkh Pdunry surfhvv iru wkh vkrfnv pxvw eh vshflhg1 Wkh suhihuhqfh
dqg whfkqrorj| sdudphwhuv duh eruurzhg iurp Fkulvwldqr/ Hlfkhqedxp/ dqg Hydqv +4<<:,
zlwk wkh iroorzlqj ydoxhv xvhg= wkh glvfrxqw idfwru/ > lv vhw htxdo wr 31<<59/ wkh fdslwdo vkduh
 lv 3169/ dqg wkh hodvwlflw| ri oderu vxsso|/ 
> lv vhw wr 41 Wkh sdudphwhu #f lv ghwhuplqhg
vxfk wkdw wkh vwhdg| vwdwh ydoxh iru oderu/  Q> lv xqlw|1
Wkh Pdunry surfhvv iru wkh prqh| dqg whfkqrorj| vkrfnv lv dvvxphg wr eh d glvfuhwh
vwdwh surfhvv lq zklfk wkh prqhwdu| jurzwk udwh fdq wdnh rq wkuhh ydoxhv +{ ?{ 2 ?{ ,
zkloh wkh whfkqrorj| vkrfn fdq wdnh rq wzr ydoxhv +} ?} 2,1 Frqvhtxhqwo|/ wkh vwdwh/
v& @+ {>} ,>n@ l>m zlwk l @4 >5>6>m @4 >5/ lv ghvfulehg e| d 90vwdwh Pdunry surfhvv1
Zh fdoleudwh wkh sdudphwhuv ri wklv surfhvv xvlqj txduwhuo| gdwd iurp 4<8<=6 wr 4<<;=716 D
frpsohwh ghvfulswlrq ri wkh gdwd lv surylghg lq wkh Gdwd Dsshqgl{1
Wkh Vrorz uhvlgxdo lv xvhg dv wkh phdvxuh ri whfkqrorj| vkrfnv1 Wkh uhvlgxdo lv frq0
vwuxfwhg iurp wkh iroorzlqj htxdwlrq=
orj+VU|, @ orj+\|,  orj+N|,  +4  ,orj+Q|,
zkhuh \| lv uhdo jurvv grphvwlf surgxfw/ N| lv wkh fdslwdo vwrfn/ dqg Q| lv djjuhjdwh krxuv
ri zdjh dqg vdodu| hduqhuv rq qrq0idup sd|uroov17 Doo yduldeohv duh lq shu0fdslwd whupv1
6 Zh dovr h{dplqhg wzr vxe0vdpsohv ri wkh gdwd wkdw h{foxghg wkh shulrg ri qrq0eruurzhg uhvhuyhv wdujhwlqj
+l1h1 4<:<=604<;5=4,1 Uhvxowv zhuh eurdgo| frqvlvwhqw dfurvv vdpsoh shulrgv vr wkdw/ lq wkh lqwhuhvw ri euhylw|/
zh suhvhqw wkh ixoo vdpsoh uhvxowv rqo|1
7 Wkh fdslwdo vwrfn zdv fdofxodwhg xvlqj wkh shushwxdo lqyhqwru| phwkrg/ xvlqj gdwd iurp 4<7:=4 wr 4<<;=71
Wkh lqyhvwphqw vhulhv lv vhdvrqdoo|0dgmxvwhg {hg sulydwh qrquhvlghqwldo lqyhvwphqw dqg txduwhuo| ghsuhfldwlrq
l vd v v x p h gw re h5 1 3 ( 1
44Wkh Vrorz uhvlgxdo lv wkhq olqhduo| ghwuhqghg dqg wkh whfkqrorj| vkrfn/ orj+}|,/ lv phdvxuhg
dv wkh ghwuhqghg vhulhv1
Zh xvh wkh dgmxvwhg prqhwdu| edvh dv wkh phdvxuh iru prqh| vxsso| lq wkh prgho1 Jlyhq
wkdw wkh prqhwdu| edvh lv ghqhg dv fxuuhqf| soxv uhvhuyhv/ wklv phdvxuh ri prqh| vxsso|
prvw forvho| pdwfkhv wkdw lq wkh prgho1 Wkh shufhqwdjh fkdqjh lq wkh prqhwdu| edvh lv
lghqwlhg dv {|1
Wkh vl{ srvvleoh vwdwhv lq hdfk shulrg duh ghqhg dv iroorzv=
v @+ {>} , ve @+ {>} 2,
v2 @+ {2>} , vD @+ {2>} 2,
v @+ {>} , vS @+ {>} 2,
zkhuh { dqg } duh wkh uhdol}dwlrqv ri wkh prqhwdu| jurzwk dqg whfkqrorj| vkrfnv/
uhvshfwlyho|1 Wr ghwhuplqh wkh vwdwh/ zh sduwlwlrq wkh gdwd xvlqj wkh vdpsoh phdqv ri erwk
vkrfnv/  { dqg  }> dqg vwdqgdug ghyldwlrq ri wkh prqhwdu| vkrfn/  lq wkh iroorzlqj pdqqhu=
v| @
v li +{|  7 %3B
2 dqg }|   },
v2 li + 7 %3B
2 ?{ |  7 %nB
2 dqg }|   },
v li +{| A 7 %nB
2 dqg }|   },
ve li +{|  7 %3B
2 dqg }| A  },
vD li + 7 %3B
2 ?{ |  7 %nB
2 dqg }| A  },
vS li +{| A 7 %nB
2 dqg }| A  },
Wkh wudqvlwlrq suredelolwlhv duh fdofxodwhg xvlqj wkh dssursuldwh uhodwlyh iuhtxhqf| phdvxuh>




45zkhuh q lv wkh qxpehu ri wlphv vwdwh l lv iroorzhg e| vwdwh m lq wkh vdpsoh1 Ilqdoo|/ wkh
ydoxhv iru +{>} , duh ghwhuplqhg e| wkh phdqv ri wkh sduwlwlrqhg gdwd> h1j1 { lv wkh phdq
ri wkh prqhwdu| jurzwk udwh iru ydoxhv wkdw vdwlvi| {|  7 %3B
2 =
Wr dvvhvv krz zhoo wklv sdudphwhul}dwlrq fdswxuhv wkh wlph vhulhv surshuwlhv ri wkh vkrfnv/
wkh lpsolhg xqfrqglwlrqdo phdqv/ vwdqgdug ghyldwlrqv/ dqg uvw0rughu dxwrfruuhodwlrqv ri
hdfk vhulhv zhuh frpsxwhg> lq dgglwlrq/ wkh frqwhpsrudqhrxv fruuhodwlrqv ehwzhhq vkrfnv
zhuh fdofxodwhg1 Wkh prphqwv lpsolhg e| wkh Pdunry surfhvv duh frpsduhg wr wkh vdpsoh
prphqwv lq Wdeoh 41 Wkh sdudphwhul}dwlrq pdwfkhv wkh prphqwv idluo| zhoo1 Krzhyhu/ wkh
pdjqlwxghv ri wkh furvv fruuhodwlrqv duh pxfk zhdnhu wkdq revhuyhg zkloh wkh dxwrfruuhod0
wlrqv iru erwk vkrfnv duh voljkwo| zhdnhu wkdq wkrvh revhuyhg lq wkh gdwd1
7U h v x o w v
Vlqfh sruwirolr ghflvlrqv duh pdgh ehiruh wkh fxuuhqw vwdwh lv nqrzq/ wkh txdqwlw| ri ixqgv
jrlqj wr wkh qdqfldo lqwhuphgldu| zloo eh d ixqfwlrq ri wkh vwdwh +ghwhuplqhg e| wkh uhdo0
l}dwlrq ri wkh vkrfnv, dw wlph shulrg w  41 Khqfh/ wkhuh zloo eh vl{ ydoxhv iru wklv txdqwlw|
ghqrwhg l& @ L|@P|1 +Wkh qrplqdo txdqwlw| ri ixqgv lv vfdohg e| wkh ehjlqqlqj ri shulrg
prqh| vwrfn wr dfklhyh vwdwlrqdulw|1, Wkh uhpdlqlqj yduldeohv zloo eh ixqfwlrqv ri erwk wkh
fxuuhqw +ghqrwhg n, dqg suhylrxv vwdwh +ghqrwhg n,/ khqfh/ htxloleulxp lv ghwhuplqhg e| 69
ydoxhv iru oderu/ Q&&/ 69 lqwhuhvw udwhv/ U&&/ dqg 9 ydoxhv iru lqyhvwphqw/ l&1W k h v hy d o x h v
duh wkh vroxwlrqv wr :; qrq0olqhdu htxdwlrqv1 Vl{ htxdwlrqv duh jlyhq e| wkh lqwhuwhpsrudo
h!flhqf| frqglwlrq zklfk/ e| xvlqj wkh elqglqj fdvk0lq0dgydqfh frqvwudlqw dqg ixqfwlrqdo

























Ilqdoo|/ wkh udwlr ri ixqgv lq wkh jrrgv dqg ohqglqj pdunhwv +htxdwlrq +47,, |lhogv dq dggl0









Wkhvh ydoxhv lpso| wkh vroxwlrqv iru wkh rwkhu yduldeohv +S|>\ |>z |, lq wkh hfrqrp| zkhuh z|
lv wkh uhdo zdjh1 Qrwh wkdw htxdwlrq +53, fdq eh xvhg lq htxdwlrq +4<, wr |lhog=






Fulwlfdoo|/ wkh lpsolfdwlrq ri wkh deryh h{suhvvlrq lv wkdw lqwhuhvw udwhv duh lqghshqghqw ri
whfkqrorj| vkrfnv1
714 Uhvsrqvh wr vkrfnv
Wklv vhfwlrq lqfoxghv wkh uhvsrqvhv ri U|>Q |>S |>\ |>dqg z|> wr wkh prqhwdu| dqg whfkqrorj|
vkrfnv1 Iroorzlqj Fkulvwldqr/ Hlfkhqedxp/ dqg Hydqv +4<<:,/ wkh uhvsrqvh ri yduldeoh y| @












47zkhuh y| lv wkh ydoxh ri wkh yduldeoh lq vwdwh +v|3>v |, dqg y|n lv wkh uhdol}dwlrq lq vwdwh








Wdeoh 5 suhvhqwv wklv fkdudfwhul}dwlrq ri htxloleulxp ehkdylru1
Txdolwdwlyho|/ wkh uhvsrqvhv wr d prqhwdu| h{sdqvlrq lq Wdeoh 5 pdwfk wkrvh irxqg e|
Fkulvwldqr/ Hlfkhqedxp/ dqg Hydqv +4<<:,1 Wkh hodvwlflwlhv duh voljkwo| zhdnhu khuh/ ehfdxvh
ri wkh devhqfh ri {hg frvwv dqg pdunxsv1 Wkh sulfh dqg rxwsxw hodvwlfwlhv vxp wr rqh gxh
wr yhorflw| ehlqj frqvwdqw> dovr/ wkh uhvsrqvh ri oderu dqg wkh uhdo zdjh duh wkh vdph ehfdxvh
wkh oderu vxsso| hodvwlflw|/ 
 / lv vhw wr xqlw|1
Wkh oltxlglw| hhfw lv fohduo| hylghqw 0 iru h{dpsoh/ d prqhwdu| lqmhfwlrq iurp wkh fhqwudo
edqn lqfuhdvhv lq wkh vxsso| ri dydlodeoh ixqgv wr upv uhtxlulqj d idoo lq wkh lqwhuhvw udwh
wr fohdu wkh ixqgv pdunhw1 Wkh uhvxowlqj idoo lq oderu frvwv fdxvhv dq lqfuhdvh lq oderu krxuv
dqg rxwsxw1 Wkh lqfuhdvh lq rxwsxw lv ohvv wkdq wkh lqfuhdvh lq wkh prqh| vxsso| vr sulfhv
lqfuhdvh dv zhoo1
Wkh uhvsrqvhv wr d whfkqrorj| vkrfn pdwfk zkdw zh h{shfw= d srvlwlyh vkrfn lqfuhdvhv
wkh ghpdqg iru oderu/ errvwlqj hpsor|phqw/ rxwsxw/ dqg uhdo zdjhv1 Wkh uhvsrqvhv ri
sulfhv dqg rxwsxw duh djdlq glfwdwhg e| frqvwdqw prqhwdu| yhorflw|1 Qrwh wkdw/ dv lpsolhg
e| htxdwlrq +54,/ wkh lqwhuhvw udwh lv qrw dhfwhg e| whfkqrorj| vkrfnv> wklv lv gxh wr wkh
idfw wkdw frqvxpswlrq lv qrw suhvhqw lq wkh djhqw*v pdujlqdo udwh ri vxevwlwxwlrq ehwzhhq
frqvxpswlrq dqg ohlvxuh dqg wkh dvvxpswlrq ri xqlwdu| hodvwlflw| ri oderu vxsso|1
488 Prqhwdu| Srolf| Uxohv
814 Hvwlpdwhg Wd|oru Uxohv
Zkloh wkh ehkdylru ri wkh olplwhg sduwlflsdwlrq prgho uhsruwhg lq Wdeoh 5 lv d xvhixo fkdudf0
whul}dwlrq ri lwv htxloleulxp surshuwlhv/ rxu lqwhuhvw olhv lq wkrvh surshuwlhv fdswxuhg e| wkh
Wd|oru uxoh1 Wr h{soruh wklv ixuwkhu/ lw lv qhfhvvdu| wr vshfli| dqg hvwlpdwh wkh frh!flhqwv
ri d Wd|oru uxoh iurp wkh gdwd1 Vshflfdoo|/ zh xvh wkh iroorzlqj vshflfdwlrq iru wkh Wd|oru
uxoh=
U| @  .  || . | . U|3 +55,
zkhuh  || lv wkh rxwsxw jds/ | lv wkh dyhudjh lq dwlrq udwh ryhu wkh fxuuhqw dqg suhylrxv
wkuhh txduwhuv +fdofxodwhg xvlqj wkh lpsolflw sulfh gh dwru iru rxwsxw,/ dqg U| lv lghqwlhg
dv wkh Ihghudo Ixqgv udwh1 Wd|oru +4<<6, h{foxghg wkh odjjhg lqwhuhvw udwh whup dqg uhf0
rpphqghg wkdw  dqg  eh vhw htxdo wr 3=8 dqg 4=8 lq klv ruljlqdo vwxg|1 Wkh vxevhtxhqw
olwhudwxuh kdv surgxfhg pdq| yduldwlrqv rq wklv wkhph vxfk dv xvlqj odjjhg ydoxhv iru rxwsxw
dqg lq dwlrq +Fkulvwldqr dqg Jxvw +4<<<,,/ wkh h{shfwhg lq dwlrq udwh +Fodulgd/ hw do +4<<;/
5333,,/ dqg lqfoxglqj odjjhg lqwhuhvw udwhv lq rughu wr fdswxuh lqwhuhvw udwh vprrwklqj1 Iru
rxu dqdo|vlv/ zh xvh d vlpsoh irup ri wkh uxoh +lqfoxglqj wkh odjjhg lqwhuhvw udwh, dqg hvwlpdwh
wkh sdudphwhuv xvlqj gdwd iurp wkh vdpsoh shulrg1 Zh lqfoxgh wkh odjjhg lqwhuhvw udwh iru
wzr uhdvrqv1 Iluvw/ wkh lqfoxvlrq ri odjjhg lqwhuhvw udwhv fdswxuhv fhqwudo edqn lqwhuhvw0udwh
vprrwklqj hylghqw iurp vwurqj srvlwlyh dxwrfruuhodwlrq lq wkh prqh| pdunhw udwh1 Dovr/
lqfoxglqj wklv whup lpsuryhv erwk wkh hfrqrphwulf w dqg surshuwlhv ri wkh uhvlgxdov18
D fulwlfdo vwhs lq hvwlpdwlqj htxdwlrq +55, lv phdvxulqj wkh rxwsxw jds/ ghqhg dv wkh
8 H{foxvlrq ri wkh odjjhg lqwhuhvw udwh whup lqgxfhv vhuldoo| fruuhodwhg huuruv1
49shufhqwdjh ghyldwlrq ri rxwsxw iurp lwv srwhqwldo ru wuhqg ydoxh19 Zh xvh irxu glhu0
hqw ghqlwlrqv ri wklv phdvxuh= orj0olqhdu ghwuhqglqj/ orj0olqhdu ghwuhqglqj xvlqj uhfxuvlyh
ohdvw vtxduhv +ru uhfxuvlyh uhvlgxdov,/ Frqjuhvvlrqdo Exgjhw R!fh hvwlpdwhv/ dqg uhdo0wlph
hvwlpdwhv1
Wkh wudglwlrqdo phwkrg ri hvwlpdwlqj wkh rxwsxw jds dvvxphv wkdw wkh orj ri rxwsxw
iroorzv d olqhdu ru txdgudwlf wuhqg1 Wkh gl!fxow| zlwk wklv ghqlwlrq lv wkdw ixwxuh lqirupd0
wlrq derxw wkh sdwk ri rxwsxw/ qrw dydlodeoh wr srolf|pdnhuv/ lv xvhg wr suhglfw wkh Ihghudo
Ixqgv udwh lq dq| jlyhq shulrg1 Li wkh Wd|oru uxoh grhv lq idfw prgho prqhwdu| srolf|/ xvlqj
ixwxuh lqirupdwlrq frxog eldv wkh frh!flhqw rq wkh rxwsxw jds1 Dowhuqdwlyho|/ rqh frxog
pdlqwdlq wkh dvvxpswlrq ri d olqhdu wuhqg zkloh xvlqj d uhfxuvlyh hvwlpdwlrq surfhgxuh wr
hqvxuh wkdw rqo| lqirupdwlrq dydlodeoh xs wr wlph w lv xvhg lq hvwlpdwlqj srwhqwldo rxwsxw1
Wkh +uhfxuvlyh, uhvlgxdov iurp wklv uhjuhvvlrq phdvxuh wkh rxwsxw jds hdfk shulrg1
Wkh Frqjuhvvlrqdo Exgjhw R!fh*v +FER, vwuxfwxudo hvwlpdwh ri txduwhuo| srwhqwldo JGS
dyrlgv wkhvh sureohpv1 Wkh FER hvwlpdwhv srwhqwldo rxwsxw xvlqj d vwuxfwxudo prgho ri wkh
hfrqrp| zlwk fxuuhqw dqg odjjhg yduldeohv dv lqsxwv1 Zh ghqh wkh rxwsxw jds dv shufhqwdjh
ghyldwlrqv ri JGS iurp wkh FER srwhqwldo JGS vhulhv1
Wkh FER hvwlpdwhv duh/ krzhyhu/ vxemhfw wr klvwrulfdo uhylvlrq lpso|lqj wkdw wkh sxe0
olvkhg gdwd duh qrw frqvlvwhqw zlwk wkh lqirupdwlrq dydlodeoh wr srolf|pdnhuv1 Wr dyrlg wklv
vrxufh ri huuru lq phdvxulqj wkh rxwsxw jds/ Ruskdqlghv/ hw1 do1 +4<<<, dqg Ruskdqlghv dqg
9 Dv vwuhvvhg e| Ruskdqlghv +4<<;,/ dqrwkhu frpsolfdwlrq lv wkh glhuhqfh ehwzhhq sxeolvkhg dqg uhdo0wlph
gdwd/ l1h1 wkh gdwd dydlodeoh wr srolf|pdnhuv dw wkh wlph ri srolf| ghflvlrqv1 Zkloh zh qrwh wkdw uhdo0wlph
hvwlpdwhv ri erwk lq dwlrq dqg wkh rxwsxw jds vkrxog eh xvhg/ zh irfxv hqwluho| rq phdvxuhv ri wkh rxwsxw
jds1 Lq sduw/ rxu ghflvlrq wr xvh wkh sxeolvkhg vhulhv iru lq dwlrq lv edvhg xsrq wkh uhvxow wkdw xvlqj odjjhg
ydoxhv iru wklv vhulhv grhv qrw vljqlfdqwo| dhfw wkh sdudphwhu hvwlpdwhv +vhh Uxghexvfk dqg Vyhqvvrq +4<<<,
dqg PfFdooxp dqg Qhovrq +4<<<,,1
4:Qrughq +4<<<, xvh ylqwdjh gdwd wr phdvxuh huuruv lq hvwlpdwlqj wkh rxwsxw jds1 Ruskdqlghv
dqg Qrughq +4<<<, vkrz wkdw sureohpv dvvrfldwhg zlwk phdvxulqj wkh rxwsxw jds ghulyh
pdlqo| iurp srru uhdo0wlph hvwlpdwhv udwkhu wkdq uhylvlrqv lq sxeolvkhg klvwrulfdo gdwd1 Dv
vkrzq ehorz/ rxu uhvxowv duh frqvlvwhqw zlwk wklv qglqj1
Wr dgguhvv wklv lvvxh/ zh hvwlpdwh wkh rxwsxw jds xvlqj uhdo0wlph gdwd/ suhvhqwhg lq wkh
irxuwk sdqho ri hdfk wdeoh1 Zh h{whqg wkh Fuxvkruh dqg Vwdun +4<<<, gdwd vhw wr lqfoxgh wkh
4<8<=604<98=7 shulrg1: Wkh uhdo0wlph gdwd vhw uhsruwv sxeolvkhg txduwhuo| vwdwlvwlfv dydlodeoh
dw wkh ehjlqqlqj ri hdfk txduwhu +ru hdfk prqwk,1 Zh hvwlpdwh wkh rxwsxw jds e| wwlqj
JGS wr d orj0olqhdu wuhqg wr wkh uhdo JGS vhulhv dydlodeoh hdfk txduwhu/ 4<8<=604<<;=61 Wkh
uhdo0wlph hvwlpdwhv duh vxemhfw wr qhlwkhu klvwrulfdo uhylvlrq qru wkh sureohp ri xvlqj ixwxuh
lqirupdwlrq wr hvwlpdwh srwhqwldo rxwsxw1
815 Uhvxowv
Wdeohv 6 suhvhqwv wkh frh!flhqw hvwlpdwhv ryhu wkh vdpsoh shulrg 4<8<=604<<;=71 Wkh hv0
wlpdwhg frh!flhqwv duh vlplodu iru wkuhh ri wkh irxu phwkrgv xvhg wr lghqwli| wkh rxwsxw
jds1 Wkh wudglwlrqdo phwkrg ri hvwlpdwlqj wkh rxwsxw jds/ olqhdu ghwuhqglqj/ glhuv vljqli0
lfdqwo| iurp wkh uhvw ri wkh hvwlpdwhv1 Zh wdnh wklv uhvxowv dv ehlqj vxjjhvwlyh wkdw xvlqj
ixwxuh lqirupdwlrq wr hvwlpdwh srwhqwldo rxwsxw uhvxowv lq d srru phdvxuh ri wkh rxwsxw jds
uhohydqw wr srolf|pdnhuv1 Dovr/ wklv vxjjhvwv wkdw klvwrulfdo uhylvlrqv gr qrw vljqlfdqwo|
dhfw Wd|oru0uxoh hvwlpdwhv1 Wkh lpsruwdqw ihdwxuh wr qrwh/ krzhyhu/ lv wkdw/ uhjdugohvv ri
wkh ghqlwlrq ri wkh rxwsxw jds/ wkh frh!flhqwv rq erwk lq dwlrq dqg wkh rxwsxw jds duh
: Wkh Fuxvkruh dqg Vwdun +4<<<, gdwd vhw uhsruwv vwdwlvwlfv dydlodeoh rq d prqwko| ru txduwhuo| edvlv1
Zh xvh gdwd iru uhdo JGS uhsruwhg lq Iheuxdu|/ Pd|/ Dxjxvw/ dqg Qryhpehu iurp Qryhpehu 4<980Iheuxdu|
4<<<1 Zh wkhq w d orj0olqhdu wuhqg wr uhdo JGS iru hdfk dydlodeoh gdwd vhw wr ghulyh wkh prvw uhfhqw hvwlpdwh
ri wkh rxwsxw jds1
4;srvlwlyh1
816 Wd|oru Uxoh lq wkh Olplwhg Sduwlflsdwlrq Prgho
Wkh Wd|oru uxoh frh!flhqwv lpsolhg e| wkh olplwhg sduwlflsdwlrq prgho duh qh{w frpsxwhg
xvlqj wkh prphqwv ri wkh htxloleulxp xqfrqglwlrqdo glvwulexwlrq ri wkh prgho1; Wkh frh!0
flhqwv iurp wzr yhuvlrqv ri wkh uxoh +glhuhqwldwhg e| zkhwkhu ru qrw wkh odjjhg lqwhuhvw udwh
lv lqfoxghg, duh suhvhqwhg lq Wdeoh 71 Wkh lpsruwdqw uhvxow lv wkdw wkh prgho lv lqfdsdeoh
ri surgxflqj Wd|oru uxoh frh!flhqwv vlploldu wr wkdw revhuyhg lq wkh gdwd1 Zkloh wkh frh!0
flhqw rq lq dwlrq kdv wkh fruuhfw vljq/ lw lv pxfk vpdoohu wkdq wkdw hvwlpdwhg iurp wkh gdwd1
Hyhq pruh sureohpdwlf lv wkdw wkh prgho surgxfhv d qhjdwlyh frh!flhqw rq rxwsxw1 Wklv
lv gxh wr wzr idfwruv= wkh oltxlglw| hhfw dqg wkdw idfw wkdw whfkqrorj| vkrfnv gr qrw dhfw
lqwhuhvw udwhv1 Khqfh/ lq htxloleulxp wkh fruuhodwlrq ehwzhhq lqwhuhvw udwhv dqg rxwsxw duh
qhfhvvdulo| qhjdwlyh1
9F r q f o x v l r q
Wkh odfn ri d zhoo0vshflhg phwulf pdnhv dvvhvvphqw ri fdoleudwhg prghov gl!fxow1 Wkh
vwdqgdug surfhgxuh lv wr h{dplqh wkh htxloleulxp surshuwlhv ri wkh prgho zlwklq d olplwhg
vhw ri glphqvlrqv lpso|lqj wkdw wkh fkrlfh ri glphqvlrqv lv fulwlfdo Zh dujxh wkdw d xvhixo
vhohfwlrq surfhgxuh lv wr h{dplqh prgho ehkdylru dorqj glphqvlrqv wkdw duh frqvlvwhqw zlwk
; Zh frpsxwh wkh frh!flhqwv xvlqj wkh iroorzlqj v|vwhp ri htxdwlrqv=
SJE-|c+ |'q@oE+|nSJE+|cZ |n4SJE+|c- |3
SJE-|cZ |'qSJEZ|c+ |n@oEZ|n4SJEZ|c- |3
SJE-|c- |3'qSJE-|3c+ |nSJE-|3cZ |n4@oE-|3
zkhuh wkh yduldeohv duh lq ghyldwlrq irup1 Wklv lv htxlydohqw wr wkh v|vwhp ri htxdwlrqv xvhg wr ghulyh
ohdvw vtxduhv hvwlpdwhv1 Rxwsxw lq wkh prgho lv htxlydohqw wr wkh rxwsxw jds lq wkh gdwd ehfdxvh rxwsxw lv
vwdwlrqdu| lq wkh prgho1
4<srolf| dqdo|vlv1 Khuh zh xvh wklv vhohfwlrq fulwhuld wr h{soruh wkh ehkdylru ri d fdoleudwhg
olplwhg sduwlflsdwlrq prgho iurp wkh ydqwdjh srlqw ri wkh Wd|oru uxoh1 Wklv uxoh kdv suryhg
wr eh d xvhixo fkdudfwhul}dwlrq ri prqhwdu| srolf| dqg h{whqvlyh hpslulfdo uhvhdufk kdv vkrzq
wkdw/ dfurvv frxqwulhv dqg ryhu wlph/ wkh frh!flhqwv lq wkh uxoh duh srvlwlyh1
Lq frqwudvw/ zh ghprqvwudwh wkdw wkh fdoleudwhg yhuvlrq ri wkh olplwhg sduwlflsdwlrq prgho
wkdw zh dqdo|}h lpsolhv wkdw wkh frh!flhqw rq wkh rxwsxw jds lv qhjdwlyh1 Wklv uhvxow dsshduv
wr eh gulyhq e| wkh ghqlqj ihdwxuh ri wkh olplwhg sduwlflsdwlrq iudphzrun> l1h1 wkh oltxlglw|
hhfw rq qrplqdo lqwhuhvw udwhv1 Zkloh/ lq wkhru|/ whfkqrorj| vkrfnv frxog ryhuwxuq wklv
uhvxow/ wkh prgho vwxglhg khuh grhv qrw gr vr1 Wkh olplwhg sduwlflsdwlrq prgho fdswxuhv
lpsruwdqw dvshfwv ri prqhwdu| srolf|/ exw lwv lqdelolw| wr surgxfh Wd|oru uxoh ehkdylru
uhsuhvhqwv d vljqlfdqw olplwdwlrq1 Fohduo|/ dgglwlrqdo uhvhdufk lv qhhghg wr ghwhuplqh zkdw
dgglwlrqdo ihdwxuhv qhhg wr eh dsshqghg wr wklv prgho wr jhqhudwh frqvlvwhqw htxloleulxp
ehkdylru1
53: Dsshqglfhv
:14 Dsshqgl{ 4 0 Sdudphwul}dwlrq ri wkh Pdunry surfhvv
Xvlqj wkh phwkrg ghvfulehg lq wkh sdshu/ wkh iroorzlqj Pdunry surfhvv iru wkh prqh| dqg
whfkqrorj| vkrfnv lv hvwlpdwhg iurp wkh gdwd=
3
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S @+ 3 =3<37>3=5445>3=455<>3=4684>3=58:3>3=4;67,
Wkh {dqg } ghqrwh wkh frqglwlrqdo phdq iru prqhwdu| edvh jurzwk dqg whfkqrorj| vkrfnv
lq vwdwh m zkloh  dqg S duh wkh wudqvlwlrq suredelolw| pdwul{ dqg yhfwru ri xqfrqglwlrqdo
suredelolwlhv/ uhvshfwlyho|1
54:15 Dsshqgl{ 5 0 Gdwd
Wkh iroorzlqj vhulhv zhuh rewdlqhg iurp wkh XV0HFRQ gdwd vhw surylghg e| Kdyhu Dqdo|wlfv1
41 JGSK 0 Jurvv grphvwlf surgxfw +vhdvrqdoo| dgmxvwhg dw dqqxdo udwhv/ eloolrqv ri
fkdlq0zhljkwhg 4<<5 grooduv,
51 IQK 0 Il{hg/ qrq0uhvlghqwldo lqyhvwphqw +vhdvrqdoo| dgmxvwhg dw dqqxdo udwhv/ eloolrqv
ri fkdlq0zhljkwhg 4<<5 grooduv,
61 OKWQDJUD 0 Djjuhjdwh krxuv/ zdjh ) vdodu| zrunhuv rq qrq0djulfxowxudo sd|uroov
+vhdvrqdoo| dgmxvwhg dw dqqxdo udwhv/ ploolrqv ri krxuv,
71 OQW53Q 0 Flyloldq qrqlqvwlwxwlrqdo srsxodwlrq/ erwk vh{hv/ 53 |hduv dqg ryhu +wkrx0
vdqgv/ qrq0vhdvrqdoo| dgmxvwhg,
81 IDUDP 0 Prqhwdu| edvh/ dgmxvwhg iru fkdqjhv lq uhvhuyh uhtxluhphqwv +vhdvrqdoo|
dgmxvwhg/ ploolrqv ri grooduv,
91 GJGS 0 Lpsolflw sulfh gh dwru/ jurvv grphvwlf surgxfw +vhdvrqdoo| dgmxvwhg,
:1 IIHG 0 Ihghudo Ixqgv udwh +hhfwlyh,
;1 JGSSRWKT 0 Uhdo srwhqwldo jurvv grphvwlf surgxfw ~FER +eloolrqv ri fkdlq0
zhljkwhg 4<<5 grooduv,
Lq dgglwlrq/ zh xvhg wkh uhdo rxwsxw vhulhv +URXWSXW,/ dydlodeoh iurp Qryhpehu 4<980
Iheuxdu| 4<<</ iurp wkh Fuxvkruh dqg Vwdun +4<<<, uhdo0wlph gdwd vhw1 Wr h{whqg wkh gdwd
vhulhv iru rxu vdpsoh/ zh xvhg wkh uhdo rxwsxw vhulhv uhsruwhg lq wkh sxeolfdwlrq EHD*v Vxuyh|
ri Fxuuhqw Exvlqhvv
55Uhihuhqfhv
Ehqkdele/ Mhvv/ Vwhskdqlh Vfkplww0Jurkh/ dqg Pduwlq Xuleh/ Wkh Shulov ri Wd|oru
Uxohv/ plphr +4<<<,1
Exuhdx ri Hfrqrplf Dqdo|vlv/ EHD*v Vxuyh| ri Fxuuhqw Exvlqhvv/ 4<8;04<981
Fkulvwldqr/ Odzuhqfh/ Pduwlq Hlfkhqedxp/ dqg Fkduohv Hydqv/ Vwlfn| Sulfh dqg Olp0
lwhg Sduwlflsdwlrq Prghov ri Prqh|= D Frpsdulvrq/ Hxurshdq Hfrqrplf Uhylhz 74
+4<<:,/ 45340457<1
Fkulvwldqr/ Odzuhqfh dqg Fkulvwrskhu Jxvw/ Wd|oru Uxohv lq d Olplwhg Sduwlflsdwlrq
Prgho/ QEHU Zrunlqj Sdshu :34: +4<<<,
Fodulgd/ Ulfkdug/ Mrugl Jdoð/ dqg Pdun Jhuwohu/ Prqhwdu| Srolf| Uxohv lq Sudfwlfh=
Vrph Lqwhuqdwlrqdo Hylghqfh/ Hxurshdq Hfrqrplf Uhylhz 75 +4<<;,/ 43660439:1
Fodulgd/ Ulfkdug/ Mrugl Jdoð/ dqg Pdun Jhuwohu Prqhwdu| Srolf| Uxohv dqg Pdfurhfr0
qrplf Vwdelolw|= Hylghqfh dqg Vrph Wkhru|/ Txduwhuo| Mrxuqdo ri Hfrqrplfv +5333,/
47:04;31
Frjoh|/ Wlprwk| dqg Mdphv Qdvrq/ Rxwsxw G|qdplfv lq Uhdo Exvlqhvv F|foh Prghov/
Dphulfdq Hfrqrplf Uhylhz +4<<8,/ 7<508441
Frqjuhvvlrqdo Exgjhw R!fh/ FER*v Phwkrg iru Hvwlpdwlqj Srwhqwldo Rxwsxw/ FER
Phprudqgxp +4<<8,1
Frroh|/ Wkrpdv/ dqg Jdu| Kdqvhq/ Wkh Uroh ri Prqhwdu| Vkrfnv lq Htxloleulxp
Exvlqhvv F|foh Wkhru|= Wkuhh H{dpsohv/ Hxurshdq Hfrqrplf Uhylhz 75 +4<<;,/ 9380
94:1
Fuxvkruh/ Ghdq dqg Wrp Vwdun/ D Uhdo0Wlph Gdwd Vhw iru Pdfurhfrqrplvwv/ Ihghudo
Uhvhuyh Edqn ri Sklodghoskld Zrunlqj Sdshu <<07 +4<<<,1
Mxgg/ Mrkq dqg Johqq Uxghexvfk/ Wd|oru*v Uxoh dqg wkh Ihg= 4<:304<<:/ IUEVI
Hfrqrplf Uhylhz 6 +4<<;,/ 60491
PfFdooxp/ Ehqqhww/ dqg Hgzdug Qhovrq/ Shuirupdqfh ri Rshudwlrqdo Srolf| Uxohv lq
dq Hvwlpdwhg Vhplfodvvlfdo Vwuxfwxudo Prgho/ lq M1 Wd|oru/ hg1 Prqhwdu| Srolf| Uxohv
+Fklfdjr= Fklfdjr Xqlyhuvlw| Suhvv/ 4<<<,/480871
Phxohqg|nh/ Dqq0Pdulh/ X1V1 Prqhwdu| Srolf| dqg Ilqdqfldo Pdunhwv/ Ihghudo Uhvhuyh
Edqn ri Qhz \run +4<<;,1
Ruskdqlghv/ Dwkdqdvlrv/ Prqhwdu| Srolf| Hydoxdwlrq zlwk Qrlv| Lqirupdwlrq/ Erdug
ri Jryhuqruv ri wkh Ihghudo Uhvhuyh V|vwhp/ plphr +4<<;,1
Ruskdqlghv/ Dwkdqdvlrv/ Dfwlylvw Vwdelol}dwlrq Srolf| dqg Lq dwlrq= Wkh Wd|oru Uxoh
lq wkh 4<:3v/ Erdug ri Jryhuqruv ri wkh Ihghudo Uhvhuyh V|vwhp/ plphr +5333,1
56Ruskdqlghv/ Dwkdqdvlrv/ dqg Vlprq ydq Qrughq/ Wkh Uholdelolw| ri Rxwsxw Jds Hv0
wlpdwhv lq Uhdo Wlph/ Erdug ri Jryhuqruv ri wkh Ihghudo Uhvhuyh V|vwhp/ plphr
+4<<<,1
Ruskdqlghv/ Dwkdqdvlrv/ Ulfkdug Sruwhu/ Gdylg Uhlivfkqhlghu/ Urehuw Whworz/ dqg
Iuhghulfr Ilqdq/ Huuruv lq Phdvxuhphqw ri wkh Rxwsxw Jds dqg wkh Ghvljq ri Prq0
hwdu| Srolf|/ Erdug ri Jryhuqruv ri wkh Ihghudo Uhvhuyh V|vwhp/ plphr +4<<<,1
Urwhpehuj/ Mxolr/ dqg Plfkdho Zrrgirug/ Lqwhuhvw Udwh Uxohv lq dq Hvwlpdwhg Vwlfn|
Sulfh Prgho/ lq M1 Wd|oru/ hg1 Prqhwdu| Srolf| Uxohv +Fklfdjr= Fklfdjr Xqlyhuvlw|
Suhvv/ 4<<<,/ 8:044<1
Uxghexvfk/ Johqq/ dqg Oduv Vyhqvvrq/ Srolf| Uxohv iru Lq dwlrq Wdujhwlqj/ lq M1
Wd|oru/ hg1 Prqhwdu| Srolf| Uxohv +Fklfdjr= Fklfdjr Xqlyhuvlw| Suhvv/ 4<<<,/ 5360
5861
Wd|oru/ Mrkq/ Glvfuhwlrq Yhuvxv Srolf| Uxohv lq Sudfwlfh/ Fduqhjlh0Urfkhvwhu Frq0
ihuhqfh Vhulhv rq Sxeolf Srolf| 6< +4<<6,/ 4<805471
Wd|oru/ Mrkq/ D Klvwrulfdo Dqdo|vlv ri Prqhwdu| Srolf| Uxohv/ lq M1 Wd|oru/ hg1
Prqhwdu| Srolf| Uxohv +Fklfdjr= Fklfdjr Xqlyhuvlw| Suhvv/ 4<<<,/ 64<06741
Xkolj/ Kdurog/ Zkdw duh wkh Hhfwv ri Prqhwdu| Srolf| rq RxwsxwB= Uhvxowv iurp dq
Djqrvwlf Lghqwlfdwlrq Surfhgxuh/ Wloehuj Xqlyhuvlw|/ FhqwHU Zrunlqj Sdshu 4<<<0
5; +4<<<,
57Wdeoh 4= Prphqwv iurp Sdudphwhul}hg Pdunry Surfhvv
Monetary Shocks Technology Shocks Monetary Shocks Technology Shocks
Mean 0.0161 0.0011 0.0160 0.0000
Std. Deviation 0.0053 0.0135 0.0068 0.0178
Corr(yt,yt+1) 0.5227 0.8058 0.7184 0.9141
Corr(xt,wt) -0.0198 -0.0198 0.1778 0.1778
MODEL 1 DATA
Wdeoh 5= Uhvsrqvhv wr Prqhwdu| dqg Whfkqrorj| Vkrfnv
value of other shock*
dR dN dP dY dw
z 1 -0.5998 0.4335 0.7225 0.2775 0.4335
z 2 -0.6099 0.4388 0.7192 0.2808 0.4388
dR dN dP dY dw
x i 0.00 0.7353 -1.4706 1.4706 0.7353
* Indicates conditional value of other shock. The value of the money shock had no influence on effects of the technology shock
Monetary Policy Shock
Technology Shock
58Wdeoh 6= Hvwlpdwhg Wd|oru Uxohv
Variable Coefficient Std. Error t-Statistic Prob.  
C 0.1472 0.1792 0.8214 0.4127
FFED(-1) 0.9041 0.0341 26.4963 0.0000
YGAP 0.1453 0.0321 4.5201 0.0000
INFAVG 0.5498 0.1830 3.0038 0.0031
Variable Coefficient Std. Error t-Statistic Prob.  
C 0.7245 0.2476 2.9266 0.0040
FFED(-1) 0.8728 0.0356 24.4846 0.0000
YGAP 0.0367 0.0142 2.5802 0.0108
INFAVG 0.1228 0.2316 0.5303 0.5967
Variable Coefficient Std. Error t-Statistic Prob.  
C 0.3176 0.1832 1.7334 0.0851
FFED(-1) 0.9138 0.0354 25.7984 0.0000
YGAP 0.1192 0.0304 3.9186 0.0001
INFAVG 0.6020 0.1908 3.1549 0.0019
Variable Coefficient Std. Error t-Statistic Prob.  
C 0.3389 0.1758 1.9278 0.0557
FFED(-1) 0.9057 0.0336 26.9335 0.0000
YGAP 0.1568 0.0302 5.1872 0.0000
INFAVG 0.7331 0.1874 3.9115 0.0001
Recursive residuals
Real-time estimates
Congressional Budget Office estimates
Log-linear trend





Lagged Interest Rate 0.00006
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